INTRODUCTION
Care of infants with bronchiolitis places a substantial burden on paediatric hospital resources each winter. Infants aged <1 year with bronchiolitis account for 18% of all paediatric admissions. 1 Infection by respiratory syncytial virus (RSV) is responsible for almost 80% of cases. 2 Most cases are not severe and can be managed conservatively at home, but approximately 30% of primary infections involve the lower respiratory tract 3 and supportive care by hospital admission is warranted if feeding or respiration become compromised. Two-thirds of infants have an RSV infection in the first year of life, 3 2%-3% of primary infections will require admission to hospital 4 5 and 2%-6% of these admissions need management on paediatric intensive care units (PICUs). 1 5-7 Bronchiolitis early in infancy is associated with a higher likelihood of developing wheeze and asthma later in life, and a causal association with asthma remains the subject of enquiry. [8] [9] [10] Worldwide, RSV disease in children under the age of 5 years accounts for 33.8 million lower respiratory infections and 3.4 million hospitalisations. Access to mechanical ventilation on PICUs has helped maintain a low mortality in industrialised nations (0%-1.5% in otherwise healthy infants with RSV). 11 Globally, an estimated 66 000-199 000 RSV-related deaths occur annually, almost exclusively in resource-poor areas, with RSV being second only to malaria in all-cause infant mortality between 1 and 12 months of age. 12 13 Open Access Scan to access more free content
What is already known ▸ Bronchiolitis admissions are a great burden to paediatric hospital resources each winter in industrialised healthcare systems. ▸ Hospitalisation rates for bronchiolitis rose significantly in the USA and Canada in the 1990s.
What this study adds
▸ The annual average episode-based admission rate for bronchiolitis rose sevenfold between 1979 and 2011. ▸ Since 2004, the estimated all-England annual average hospital admission rate rose by an average of 1.8% each year. ▸ Bronchiolitis admission rates to paediatric intensive care did not change, implying that increasing hospital admission rates have not been driven by any change in disease severity. ▸ Record-linkage shows that maternal and perinatal factors are important risk factors for developing severe bronchiolitis and the need for hospitalisation in infancy.
Prematurity, bronchopulmonary dysplasia, congenital heart disease, immunodeficiency, cerebral palsy and Down's syndrome are recognised risk factors for severe bronchiolitis, [14] [15] [16] but 50%-80% of emergency admissions occur in otherwise healthy infants born at term. 15 16 There is evidence of a rise in admission rates for bronchiolitis occurring over time in the USA and Canada during the 1990s. 17 18 We report an analysis of hospital admissions of infants with bronchiolitis in England over five decades. The main objective was to describe a time-trend analysis of admission to hospitals and to PICUs in England. Additional objectives were to map geographical and socioeconomic variation in hospital admission rates. Record-linked data were used to quantify social, maternal and perinatal factors that confer a risk of admission for bronchiolitis, and to measure the risk of later admission for asthma after bronchiolitis.
METHODS
We used discharge codes in any diagnostic position on hospital admission datasets that are routinely collected in England including the Hospital In-Patient Enquiry (HIPE), Hospital Episode Statistics (HES) and Oxford Record Linkage Study (ORLS). Hospital admissions for bronchiolitis were identified using International Classification of Disease (ICD) codes J21.0, J21.1, J21.8 and J21.9 in the 10th revision of the ICD (ICD10, 1999-2011) and 466.1 in ICD9 (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) . In the early years of the ORLS (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) and HIPE (1968 HIPE ( -1978 , covered by ICD7 and ICD8, cases were identified from codes 500 (ICD7 until 1965; bronchitis) and 466 (ICD8, 1965 (ICD8, -1978 ; acute bronchitis and bronchiolitis), and therefore covered acute bronchitis and bronchiolitis without distinguishing them for the period before 1979. The relevant codes used for asthma admissions were 493 (ICD8 and ICD9) and J45-46 (ICD10).
National Health Service (NHS) admission statistics from 1968 to 1985 were collected on a one-in-ten basis for the whole of England in the HIPE and scaled up to represent all admissions. Admissions from 1989, including day case admissions, were recorded in HES data. Linked HES data from 1999 permitted an analysis of successive admissions for individuals within the population. The ORLS is essentially a fully linked regional subset of HES, collected independently of HIPE and HES, without sampling, from 1963 to 1998 and compiled as a subset from national HES since then. ORLS covers the period between 1985 and 1989 when no HIPE or HES data were collected. ORLS also includes a specialist maternal dataset, collected between 1970 and 1989 with linkage to later years, which includes maternal and perinatal data not routinely collected through HES and has linked data between mother and baby. Infants admitted with bronchiolitis were compared, in this maternal dataset, with all other infants in ORLS born between 1970 and 1989, using methods described elsewhere. 19 Some data items-for example, maternal smoking, breast feedingwere not covered in all years. Univariable analysis followed by multivariable adjustment was done for significant variables using logistic regression and the stepwise forward method. A cohort of children with bronchiolitis in HES was compared with a cohort of children without a record of bronchiolitis, using analytical methods for disease associations described elsewhere, 20 to compare the incidence of asthma admissions when aged between 2 and 14 years.
In the trend analyses, hospital admission rates are presented as episode-based and person-based admission rates of cases per 1000 population, for both sexes combined, aged under <1 year, expressed as an annual rate. The population denominator for each year and each local area was obtained from mid-year population estimates from the Office for National Statistics (ONS). With the episode-based admission rate, a person admitted several times for the condition is counted as many times as he/ she has admissions. The person-based admission rate counts individuals once, and only once, at the first admission per year in which they were admitted. In the geographical analyses, confined to 1999-2011 when linked person-based data from HES were available, place of residence was determined from the HES record. The boundaries of the Local Government Areas of England were used to map geographical variations in the recorded rates of admissions and the Index of Multiple Deprivation (IMD 2004) score was used as a measure of socioeconomic status for each local area.
The Paediatric Intensive Care Audit Network (PICANet) dataset is a national audit that has collected data on admissions to all PICUs across England since 2002. We used the primary diagnosis for admission and Read codes X100C, XSDOK, H061, H0615, H061z, X100D, Xa0BK, H0612 and XaPOd to identify admissions for bronchiolitis, deaths and length of stay between 2004 and 2012. The PICANet population denominator for each year was estimated from ONS data. Analyses were performed in SAS (trends, mapping, asthma), GraphPad Prism (PICANet) and SPSS (perinatal study).
RESULTS

Hospital admission rates for bronchiolitis over time
All-England HIPE and HES data recorded 468 138 episodes of admissions for bronchiolitis in infants aged <1 year between 1979 and 2011, accounting for 92.6% of all bronchiolitis admissions in all ages. HES data between 1999 and 2011 recorded 299 397 episodes and 259 044 infants aged <1 year admitted for bronchiolitis. The mean ratio of episodes to people was 1.16. The annual average episode-based admission rate reached 46.1 (95% CI 45.6 to −46.6) in 2011, from 6.6 (95% CI 6.0 to 7.2) in 1979 when bronchiolitis discharge codes came into use (a near sevenfold rise in 32 years) (figure 1). The ORLS recorded a total of 25 852 episodes and 23 319 infants aged <1 year admitted for bronchiolitis in this subpopulation of England between 1979 and 2011. The mean ratio of bronchiolitis episodes to number of infants was lower at 1.11, and 98.2% of all bronchiolitis admissions were in children aged <1 year. Per 1000 infants aged <1 year, the annual average episode-based admission rate reached 40.4 (95% CI 38.5 to 42.3) in 2011, up from 4.5 (95% CI 3.7 to 5.3) in 1979 (a near ninefold rise in 32 years). The trend could be observed before 1979, from when discharge records began 50 years ago. Between 2004 and 2011, when PICU admissions were recorded, the HES and ORLS datasets recorded an episode-based average annual increment in hospitalisation rates of 1.8% and 1.6% respectively. A small, relatively fixed difference between the episode-based and person-based rates of admission emerged from 1995.
Bronchiolitis admissions to PICU over time
A total of 102 126 infants aged 0-5 years were admitted to PICUs between 2004 and 2012. Of the 64 066 infants aged <1 year, 8172 were diagnosed with bronchiolitis. Infants aged <1 year accounted for 93% of all bronchiolitis admissions and 11.8% (95% CI 10.5% to 13.1%) of admissions each year. The estimated PICU admission rate ranged between 1.3 and 1.6 per 1000 infants aged <1 year with no consistent trend towards increasing admissions (figure 2). The most frequent age at PICU admission was 1 month and 5083/8172 (62.2%) of infants were aged 0-2 months. The annual average length of stay for all ages admitted to PICU with bronchiolitis ranged from 5.4 to 6.7 days (mean 6.1 days). Of the bronchiolitis admissions, 158 resulted in death, representing a PICU case-fatality of 1.75% in infants aged <12 months and 4.4% in infants aged 12 months and older.
Variation in hospital admission rates for bronchiolitis across England
The mean person-based rate of admissions between 1999 and 2011 was 32.4 per 1000 infants aged <1 year (95% CI 32.2 to 32.5) and ranged 5.3-fold across the 352 Local Government Areas ( figure 3) . A positive correlation with higher admission rates for bronchiolitis in areas with higher socioeconomic deprivation was observed (see online supplementary material).
Maternal and perinatal factors associated with hospital admission for bronchiolitis
Of a total of 243 708 infants, 2078 (0.86%) were admitted to hospital with a diagnosis of bronchiolitis. Of these admissions, 88.7% (1852/2087) were aged <1 year (tables 1 and 2). After adjustment of each factor for other significant variables, there were significant associations with year of birth (corroborating the rise in bronchiolitis admission rates over time), low maternal age, low social class, maternal smoking, high parity, twin birth, low birth weight, short gestational age, low birth weight for gestational age, not being breast fed, breech delivery and low Apgar 1 at birth.
Hospital admissions for asthma following bronchiolitis in infancy
Nine thousand six hundred and twelve children identified in HES were used as the cohort of admissions with bronchiolitis under the age of 2 years. The control cohort used for comparative analysis numbered 46 377 children. Of these, 715/9612 (7%) children from the bronchiolitis cohort had an admission for asthma before age 14 years. The rate ratio for asthma admissions, comparing the bronchiolitis cohort with the control cohort, was 2.8 (95% CI 2.6 to 3.1).
DISCUSSION
Data on hospital admission trends for bronchiolitis in the USA, measured per 1000 infants aged <1 year, showed a 2.4-fold rise from 1980 to 1996. 17 In Canada, between 1981 and 1999, the bronchiolitis admission rate per 1000 infants aged <6 months rose 3.5-fold and 2.1-fold in infants aged 6-12 months. UK data from a single region between 1996 and 1999 recorded an average rate of 30.8 5 and the last estimate from an industrialised nation was single-season data from France, which estimated 35.8 admissions per 1000 infants aged <1 year in 2009. 21 The only all-England estimate recorded an admission rate of 24.2 per 1000 infants aged <1 year 16 using discharge codes in the primary diagnostic position only, which may explain their lower estimated rate for 2007/08 compared with our data.
We have analysed several datasets over a substantial period and consistently found a substantial rise in hospitalisation rates for bronchiolitis in recent years. In contrast, PICU admission rates have changed little from 2004 to 2012 when hospital admission rates rose by an average 1.8% each year. Although PICU admissions for bronchiolitis have steadily increased as a proportion of all admissions since 2002, 22 these data suggest that the overall rise in hospital admissions reflects changes in the threshold for admission rather than an increase in disease incidence or severity over time. In the early years of the study, ORLS data collection was independent of that in HIPE and the maternity ORLS dataset was collected separately from the 'general hospital' data in the ORLS. These levels of independence increase confidence in the time-trend analyses.
Possible drivers behind changes in recorded hospital admission rates include the increasing prevalence of maternal and perinatal factors that predispose to severe disease, social factors such as parents' expectations, and changes to the way care is provided and used. Improvements in neonatal care have led to an increase in the population at enhanced risk: hospital admission rates are 24.2 for all infants and 47.3 among premature infants per 1000 aged <1 year. 16 23 24 Even after 36 weeks gestation, our data continue to show an effect of gestational age on the risk of severe disease in single weeks up to weeks 39-41. Before then, each extra week in utero seems to confer added protection against admission with bronchiolitis. In 2003, 7%-9% of bronchiolitis admissions were re-admissions 5 25 and more recent data estimated that 21% of infants had more than one bronchiolitis admission during the first year of life. 16 The risk of asthma admission up to the age of 14 years with a preceding history of hospitalisation for bronchiolitis supports previous findings and emphasises the possible wider health consequences of bronchiolitis. 9 It is noteworthy that overall admission rates in England for children under 15 years of age with lower respiratory tract infections have risen by 40% in the last decade, together with large increases in paediatric admissions for upper respiratory tract infections, urinary infections and gastroenteritis. 26 These increases were driven by an increase in admissions of short duration (under 24 h). We speculate that major changes in the Figure 3 National variation in person-based bronchiolitis hospital admission rates, 1999-2011. Bronchiolitis admission rates per 1000 infants aged <1 year, as analysed using Hospital Episode Statistics, both sexes, mapped using the boundaries of each Local Government Area. 135×173 mm (72×72 DPI).
organisation of healthcare in England may have contributed to changing admission rates. One major change has been decreased access to medical assessment outside hospital as a result of both a reduction in out-of-hours care by general practitioners under a reorganised contract from 2004 27 and the introduction of a non-medical protocol-based telephone triage (NHS Direct) in 1999. 28 The potential for these changes to direct parents to hospital care, where availability of new technology over this period, including oximeters, 29 may have inadvertently encouraged clinicians to lower the threshold for admission to meet waiting time targets and as a result of clinical protocols. We found that only 25% of the geographic variation in hospital admission rates could be attributed to socioeconomic deprivation, which is consistent with two other publications of HES data. 16 30 The finding of geographical variation and increasing admission rates indicate that there is clinical uncertainty, probably combined with organisational factors, about when to admit a sick child with bronchiolitis.
Limitations of the study
While the length of the time-period of data collection is a considerable strength of this study, there may have been variation over time in the quality of diagnostic coding and therefore in the accuracy of our data. However, our findings are consistent across different studies both in the UK and elsewhere, suggesting that the large increases in admissions are real. We used PICU admissions as a proxy for severe disease, but other surrogates (such as length of stay in hospital) were not available to infer whether admission rates for cases of mild or moderate disease severity changed over time. Although the overall trend is clear, we noted significant year-to-year variations in hospitalisation rates. Trend data were not available for some factors that may have influenced trends in bronchiolitis rates: these include other conditions that predispose to developing severe bronchiolitis, and demographic factors such as ethnicity. 31 
Conclusions
Hospital admissions for bronchiolitis in England are increasing and exceed recent estimates from similar industrialised nations. PICU admission rates have changed little over the same period and indicate a need to examine the threshold used for hospital admission and explore the medical and social factors behind the rising admission rates. The high rate of emergency admissions, lack of universal and cost-effective preventative measures and the magnitude of disease incidence make bronchiolitis a major priority for control; these factors also provide a strong rationale for development of strategies for RSV prevention through vaccination.
